Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumor of the gastrointestinal tract, having an estimated incidence of 10-20 per million. The incidence rate of these tumors is similar between genders and peaks at an age of approximately 60 years. The majority of GISTs, detected when they are of small size (<2 cm), pursue a benign course and are curable by surgical resection [1] . The malignant potential of GISTs cannot be predicted accurately by histopathology alone. Until recently, there was no effective therapy for patients with metastatic disease.
Malignant GISTs, a type of sarcoma, represent spindle cell and/or epithelioid neoplasms of the gastrointestinal tract that characteristically express the c-kit proto-oncogene (CD117) in almost all cases. Recent work has shown that KIT is universally activated in GISTs even in the absence of a demonstrable mutation in the c-kit gene [2] . Mutations of the c-kit gene occur with an overall frequency of greater than 50% in GISTs and at a substantially greater prevalence in malignant disease [3] [4] [5] [6] . These mutations can cause constitutive activation of the KIT tyrosine kinase, resulting in ligand-independent tyrosine kinase activity, which appears to be an early and critical pathogenetic event contributing to the malignant phenotype of these cells. Several reports have now demonstrated that STI571 is a potent inhibitor of KIT tyrosine kinase and can lead to benefit in patients with GISTs [7] .
Prior to the advent of STI571, GISTs were typically treated according to the same principles that are applied to the clinical management of patients with soft tissue sarcomas (STSs). Complete resection remains the only curative treatment. However, most patients with malignant GISTs either present with unresectable disease or develop recurrences after resection [8, 9] . GISTs are notoriously unresponsive to the conventional chemotherapy regimens devised for STSs [10] . Nevertheless, there are no reports of prospective clinical trials undertaken to evaluate the efficacy of cytotoxic chemotherapy specifically against GISTs in the existing literature.
Ecteinascidin 743 (ET-743) is a cytotoxic tetrahydroisoquinoline alkaloid with potent broad spectrum antiproliferative activity isolated from a marine organism [11, 12] . It binds to DNA in a sequence-specific manner and forms a covalent adduct with the N-2 amino group of guanine bases in the minor groove, which bends the double helix toward the major groove [13, 14] . Recognition of these drug-associated lesions by the transcription-coupled nucleotide-excision repair system, resulting in the generation of lethal single-strand breaks in DNA, appears to be the principal mechanism of cell death [15] . ET-743 also interferes with transcription including the transcriptional activation of the multiple drug resistance (MDR)1 gene [16, 17] .
In recently completed phase I studies performed in the U.S. and Europe, patients with leiomyosarcoma, liposarcoma, osteosarcoma, melanoma, mesothelioma, and ovarian and breast cancer responded to treatment with ET-743 [18] [19] [20] [21] . In the initial phase I study and compassionate use program of ET-743, four patients with chemorefractory STSs had partial responses, and three patients with GISTs had stable disease among a cohort of 29 patients treated with 1.5 mg/m 2 of ET-743 given as a 24-hour continuous i.v. infusion every 21 days [19] . A phase II trial to evaluate the activity of ET-743 was undertaken based upon this promising activity in patients with STSs. The primary objective of the study was to prospectively assess the clinical activity of ET-743 in patients with unresectable advanced or metastatic GISTs. Secondary objectives were the determination of the toxicity and pharmacokinetic behavior of the drug.
PATIENTS AND METHODS

Patient Selection
This prospective multicenter phase II clinical trial was conducted at the Dana-Farber Cancer Institute (Boston, MA), Massachusetts General Hospital (Boston, MA), and Memorial Sloan-Kettering Cancer Center (New York, NY). The study protocol was approved by the Scientific Review Committee and Human Protection Committee of each institution. Patients with a diagnosis of unresectable advanced or metastatic GISTs, which was proven histologically, were eligible for the study. Patients were evaluated by a physical examination, performance status determination, a complete blood count with differentials and platelets, and a standard serum chemistry panel that included creatinine, total bilirubin, serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), and alkaline phosphatase, within 14 days of entering the study. Radiographic assessment of measurable disease by computed tomography (CT) was performed not more than 4 weeks before initiating treatment. Eligibility criteria included the following: age ≥18 years; life expectancy ≥3 months; World Health Organization (WHO) performance status ≤1 or Karnofsky performance status ≥80%; a lesion ≥20 mm in at least one diameter, located in a nonirradiated region, as determined by CT; and complete recovery from toxicity due to prior chemotherapy with the exception of peripheral neuropathy of grade ≤2 (National Cancer Institute Common Toxicity Criteria [NCI-CTC]). The following laboratory parameters were required: neutrophil count ≥1,500/µl; platelet count ≥100,000/µl; serum creatinine ≤1.5 mg/dl or creatinine clearance ≥40 ml/min; total bilirubin and serum alkaline phosphatase within the upper limits of normal; SGOT and SGPT <2.5 times the upper limits of normal. Patients were excluded if they had a history of any other neoplastic disease during the previous 5 years, symptomatic brain or leptomeningeal involvement of the tumor, or other serious illness, such as heart failure, significant liver disease, and uncontrolled hypertension. Patients who were pregnant, had an active infection, had a history of neurologic or psychiatric disorders, or were otherwise unable to adhere to a regular follow-up schedule were also excluded. Participation in another clinical trial concomitantly or within 30 days of entering this study was not permitted. Immunohistochemical analysis of kit expression staining was performed by the pathology departments at the Brigham and Women's Hospital, Massachusetts General Hospital, and Memorial Sloan-Kettering Cancer Center.
Drug Administration, Toxicity Assessments, and Dose Modifications
ET-743 was supplied by Pharma Mar, S.A. (Madrid, Spain) as a sterile lyophilized powder in glass vials containing 0.25 mg of ET-743, 250 mg of mannitol, 34 mg of monopotassium phosphate, and phosphoric acid to adjust the pH to 4.0 upon reconstitution with 5 ml of sterile water for injection, United States Pharmacopeia (USP). An appropriate volume of the 50 µg/ml reconstituted solution was loaded into the 100 ml medication cassette reservoir of a computerized ambulatory drug delivery programmable ambulatory infusion pump (SIMS Deltec; St. Paul, MN) and diluted with normal saline for injection, USP to deliver the intended dose in a total volume of 96 ml. The dosing solution was administered through a central venous catheter without an inline filter.
Support with hematopoietic colony-stimulating factors was not permitted. All patients received a seratonin receptor antagonist for antiemetic prophylaxis with additional doses given on subsequent days as needed. Initially, the use of dexamethasone to control nausea and vomiting was precluded due to theoretical concerns about inducing the hepatic metabolism of ET-743. However, because of the severity of nausea and vomiting encountered in other phase II trials involving this dosing regimen of ET-743, dexamethasone prophylaxis was instituted on a routine basis shortly after starting this study. A total of 14 patients were treated with dexamethasone, typically a 10-mg i.v. dose, beginning on the first day of the ET-743 infusion, with a single additional dose given on the following day.
Patients were scheduled to receive 1.5 mg/m 2 of ET-743 by 24-hour continuous i.v. infusion once every 3 weeks on an outpatient basis until disease progression was documented, as long as the pretreatment eligibility criteria continued to be satisfied. Physical examinations, complete blood counts, and serum chemistry tests were performed on a weekly basis. During subsequent cycles of therapy, the dose was reduced to 1.2 mg/m 2 in the event of grade 4 neutropenia (platelet count <500/µl) associated with fever or persisting for more than 5 days. The dose was also reduced to 1.2 mg/m 2 for thrombocytopenia with a nadir platelet count less than 25,000/µl. The dose was not reduced in the event of a grade 3 or 4 increase in transaminase levels that fully resolved by day 21. A 1-week delay in treatment was permitted to allow grade 3-4 elevations in serum transaminase levels to return to baseline values, in which case, the dose of ET-743 was reduced to 1.2 mg/m 2 ; otherwise, the patient was withdrawn from study. A further reduction in the dose to 1.0 mg/m 2 was permitted in patients experiencing nonhematologic toxicity following treatment with 1.2 mg/m 2 under the same provisions as described in the above for the full dose.
Response Assessment
CT scans of measurable disease were performed after every two cycles. Response criteria were as follows: complete response required disappearance of all measurable disease, signs, symptoms, and biochemical changes related to the tumor for ≥28 days, during which no new lesions could appear; partial response required reduction of ≥50% in the sum of the products of the perpendicular diameters of all measurable lesions lasting for ≥28 days, during which no new lesions could appear; stable disease required reduction of <50% or an increase of <25% in the sum of the products of the perpendicular diameters of all measurable lesions lasting for ≥28 days, during which no new lesions could appear; and progressive disease required an increase of ≥25% in the sum of the products of the perpendicular diameters of all measurable lesions or development of any new lesions.
Pharmacokinetic Studies
The plasma pharmacokinetics of ET-743 were characterized during the first cycle of therapy using a minimally intensive sampling schedule. Blood specimens (7 ml) were drawn from an arm vein into a Vacutainer brand tube with freezedried sodium heparin anticoagulant (Becton Dickinson; Franklin Lakes, NJ) at the following times relative to the start of drug infusion: 0, 2, 23.5, 24.5, 25, 48, and 72-96 hours. Sample tubes were mixed by inversion, placed on wet ice until centrifuged (1,800 g for 10 minutes at 4ºC) within 15 minutes, after which the plasma was transferred into a polypropylene cryovial and stored at -70ºC until assayed. The beginning and ending times of the drug infusion and sample collection intervals were monitored with a digital timer and recorded.
A validated analytical method involving isolation of the drug and an added internal standard from plasma by solidphase extraction followed by isocratic reversed-phase highperformance liquid chromatography with electrospray ionization mass spectrometric detection was used to measure the concentration of ET-743 in study specimens, as previously Ryan, Puchalski, Supko et al.
described [18] . During its application to the present study, the between-day accuracy and precision of the assay were assessed by analyzing the interpolated drug concentrations from 16 standard curves run over a 57-week period. Grand mean ± standard deviation (SD) values of the between-day accuracy and precision for standard solutions of ET-743 in plasma at concentrations ranging from 50 to 1,000 pg/ml were 101.0% ± 6.8% (range 90.7%-109.7%) and 12.1 ± 5.3% (range 4.8%-18.9%), respectively. ET-743 was measured with an accuracy of 109.7% and precision of 14.1% at the lowest concentration included in the standard curves (50 pg/ml).
Actual sample times were calculated from the beginning of the infusion of drug to the midpoint of each sample collection interval. Individual patient plasma concentration-time data were analyzed by noncompartmental methods using routines supplied in the WinNonlin Version 1.1 software package (Scientific Consulting; Apex, NC). Area under the curve from time zero to infinity (AUC) for the plasma profiles was estimated by the logarithmic-linear trapezoidal algorithm to the last data point, with extrapolation to time infinity using the estimated value of the slope of the terminal logarithmic-linear phase. Total plasma clearance (CL) was calculated as the dose divided by the AUC. Mean values of the pharmacokinetic variables were calculated as the geometric mean of the individual patient values [22] . SDs of the geometric mean values were estimated by the jackknife method [23] . Parametric statistical tests using log-transformed values of the maximum concentration (C max ), AUC, or CL of ET-743 were performed to identify differences among subgroups of patients categorized according to demographic characteristics or toxicity. p < 0.05 (two-tailed) was considered to be significantly different.
RESULTS
Patient Characteristics
A total of 20 patients with a clinicopathologic diagnosis of GIST were enrolled into the study and treated with ET-743, beginning in August 1999. All were determined to be eligible at the time of study entry. One patient was withdrawn from the study prior to receiving any treatment due to rapidly progressing disease. Demographic characteristics of the patients are presented in Table 1 . Only nine patients had received prior chemotherapy. Patients had been treated with a variety of regimens but all pretreated patients had received prior adriamycin, and five patients had received prior ifosfamide. Immunohistochemical detection of KIT was not considered an entry criterion for participation in the study, as the performance of this test to diagnose GISTs did not become standard practice until early 2000. However, KIT expression by tumor samples was assayed retrospectively whenever possible in these study patients. Sixteen of the 20 patients were confirmed to have positive immunohistochemical staining for KIT, and only one patient was found to be KIT negative by immunohistochemistry. Unstained tumor samples were not available for KIT immunoassay in three patients.
Toxicity
A total of 47 cycles (median 2, range 1-10) of therapy were administered. The full 1.5-mg/m 2 dose was delivered in 44/47 (94%) of the cycles, and the dose was reduced to 1.2 mg/m 2 in only three patients. All 19 patients entered 534 Phase II Study of ET-743 Against GISTs into the study who received protocol treatment were evaluable for toxicity. Hematologic toxicity was mild, with 47% of patients experiencing grade 3 neutropenia; there were no occurrences of more severe neutropenia or thrombocytopenia greater than grade 2 ( Table 2 ). Among the nonhematologic toxicities, there were no grade 4 events, and the only grade 3 events were transaminitis in 10 patients and fatigue in a single patient (Table 2 ). There was only one patient in which the time to fully recover from grade 3 transaminase elevations required more than 21 days.
Efficacy and Survival
One patient, who withdrew from the study due to toxicity, was unevaluable due to the absence of repeat scans. There were no complete or partial regressions among the 18 treated patients who were evaluable for response. Only two patients (one patient with no prior therapy and one patient previously treated with an adriamycin-based regimen) exhibited stable disease as the best response to therapy with ET-743, with one patient receiving four cycles of therapy and another 10 cycles of therapy. All other patients were removed from the study due to disease progression when evaluated soon after receiving the second cycle of therapy. There were no discernible differences between the characteristics of the two patients who had stable disease and those of the 16 patients who progressed on therapy. The median time to progression was 1.25 months (Fig. 1) . Due to the dramatic change in the control of GISTs for those patients after STI571 in our clinical study in July 2000, overall survival is shown with and without censoring for patients who were subsequently treated with STI571 (Figs. 2 and 3 ). All the patients who went on to STI571 were alive at 1 year, as opposed to only 18% of the patients who did not receive STI571.
Pharmacokinetics
Complete sets of plasma specimens were obtained during treatment with the first 1. ET-743 was 34.2 ± 8.9 ng•h/ml (range 16.4-52.1 ng•h/ml), and the mean CL was 43.9 ± 15.8 l/h/m 2 . The mean ± SD of the observed C max of the drug was 1.10 ± 0.44 ng/ml. The AUC and C max values were used to evaluate associations between ET-743 pharmacokinetics and pretreatment pathophysiological characteristics of the patients. There were no statistically significant differences in the mean AUC for patients grouped according to gender, age (≤50 years versus >50 years), and performance status. Values of the AUC or C max in patients experiencing any severe toxicity (i.e., grade ≥3) during the first cycle of therapy were not significantly different from values in other patients.
DISCUSSION
Malignant GISTs are the most common mesenchymal malignancy of the gastrointestinal tract and are characterized immunohistochemically by the expression of the KIT transmembrane receptor tyrosine kinase (CD117) [1] . Most malignant GISTs have mutations in c-kit that lead to constitutive expression of the KIT tyrosine kinase. Downstream effects of this tyrosine kinase include signaling cascades, which promote resistance to apoptosis, uncontrolled cell proliferation, and the malignant phenotype of this disease [6, [24] [25] [26] . Until recently, GISTs were treated according to the same principles as those applied to STSs. Standard chemotherapeutic agents, such as doxorubicin and ifosfamide, which can lead to objective responses in 16%-34% of patients with STSs [27] [28] [29] [30] [31] [32] , have been virtually useless against GISTs [10] . Due to the lack of available treatment options for GISTs, prior to the recent introduction of STI571, we undertook this study as the first prospective phase II trial of an investigational or approved chemotherapeutic agent to specifically target this highly resistant disease.
There was no evidence of any significant antitumor activity in this patient population. Disease progression was evident in 16/18 patients who were evaluable for efficacy after two cycles. These results confirm the retrospective and largely anecdotal evidence that GISTs do not respond to conventional chemotherapy. Moreover, these results stand in stark contrast to the recently described clinical findings of STI571 in patients with GISTs, where 59% and 26% of the cohort had responding or stable disease, respectively [33] . The overall survival of patients in our study should be viewed cautiously, since this was likely impacted significantly by the subsequent clinical trial at our institution studying STI571 in GIST. Eleven patients from this study subsequently received STI571. The 1-year survival declined from 71% to 18% when these patients were censored from survival analysis at the time of starting STI571.
Toxicity in this study was moderate, since there were no grade 4 hematologic toxicities. In contrast, grade 4 neutropenia was noted in 10%-18% of cycles, and grade 4 thrombocytopenia occurred in 1.7%-3.8% of cycles when this regimen was administered to patients with soft tissue sarcomas [19] . Mean values of the AUC (34.2 ± 12.5 ng•h/ml) and C max (1.10 ± 0.44 ng/ml) of ET-743 in GIST patients were also substantially lower than the AUC (55 ± 25 ng•h/ml) and C max (1.8 ± 1.1 ng/ml) reported for 25 patients treated with a dose of 1.5 mg/m 2 during the initial phase I trial of ET-743 given as 24-hour continuous i.v. infusion [34] . Moreover, the highest AUC value observed in this study was lower than the mean AUC for this same dose in the phase I trial. The lower apparent systemic exposure of GIST patients to ET-743 may account for the better-than-anticipated tolerability of the drug.
It has been suggested that the ineffectiveness of the chemotherapy against GISTs may be associated with MDR, and in particular, overexpression of the MDR gene product, Pglycoprotein (PGP). Such PGP overexpression was found in 68% of clinically defined GISTs compared with only 31% in leiomyosarcomas [35] . Greater expression of PGP has been associated with resistance to ET-743 in tumor cell lines [36] . Thus, it would appear possible that the lack of activity of ET-743 in GIST patients may be the combined result of MDR and enhanced systemic clearance by an unclear mechanism. Since 79% of patients in this study had hepatic involvement of their disease, it may be postulated that these metastases affected clearance, e.g., increased hepatic blood flow. It is unlikely that the enhanced CL of ET-743 observed is related to the concurrent administration of dexamethasone as a prophylactic antiemetic. The mean AUC in the subset of patients that received dexamethasone (33.0 ± 12.7 ng•h/ml, n = 13) did not differ significantly (p = 0.53) from that of those who did not receive dexamethasone (36.9 ± 13.2 ng•h/ml, n = 6).
In summary, this study represents the first prospective phase II clinical trial undertaken to evaluate a cytotoxic chemotherapeutic agent in patients with GISTs. The lack of significant activity underscores the chemorefractory nature of this malignancy, which has previously been limited to anecdotal experience and retrospective subset-based analyses of the literature. Therapeutically ineffective exposure to the drug, based upon the lower incidence of severe toxicities and greater CL than described in several recently reported phase I and II trials of ET-743, may have contributed to the inactivity of ET-743 against GISTs. Nevertheless, the survival curves established during the course of this study provide a baseline for evaluating the therapeutic effects of STI571.
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